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It is shown how a precise control of 
the initiation and se lect iv i ty 
of butadiene block polymerization reac-
tions allows the molecular engineering 
of a variety of new heterophase materials. 
The typical examples presented illustra-
te 3 main potent ia l i t ies of these copoly-
mers. First, the stable emulsification of 
blends of 2 immiscible homopolymers (PE/PS; 
PVC/PBD) by the corresponding diblock co-
polymer. Second, the pos s ib i l i ty to obtain 
high performance thermoplastic elastomers 
from triblock copolymers containing end-
blocks of high cohesive energy density 
(i.e. nylon-6, polypivalolactone). Third, 
the opportunity to t a i lo r "multiblock" 
systems in which the "hard" segment is 
an ionic group (halatotelechelic poly-
mers), imparting to these systems inte-
resting rheological properties. 
Catalytic polymerizations of 1,3-butadiene into 
essential ly 1,4 elastomeric polymers are by now pretty 
well-mastered processes. It i s the purpose of this 
paper to demonstrate the s t i l l very v iv id interest in 
that time-honored backbone, within the frame of a much 
broader trend developing now in the f i e ld of polymeric 
materials. 
It i s obvious indeed that industry is not wi l l ing any-
more to produce many of these necessary materials from 
new monomers; the key approach here is thus d i v e r s i f i -
cation, but starting from basic feedstocks and materials 
already available at low prices in large amounts. On the 
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other hand, i n a time of explosive development of "gene-
t i c engineering" techniques i n biology, i t i s only too 
f a i r to acknowledge a s i m i l a r type of achievement i n 
polymeric materials science, i . e . the "molecular engi-
neering of t h e i r bulk p r o p e r t i e s " . That recent c a p a b i l i -
ty to achieve, through p r e c i s e (although sometimes 
small) modifications of molecular s t r u c t u r e s , a " f i n e -
tuning" of the f i n a l bulk properties and macroscopic 
behaviour of these polymeric materials, has a r i s e n from 
our r a p i d l y i n c r e a s i n g knowledge and mastering of i n i -
t i a t i o n and propagation mechanisms, p a r t i c u l a r l y i n 
terms of s e l e c t i v i t y . That allows us i n turn to c o n t r o l 
accurately the molecular a r c h i t e c t u r e of the polymers 
used, that means also the morphology and f u r t h e r the 
physico-chemical as w e l l as physico-mechanical behaviour 
of the corresponding f i n a l materials. 
A l l of the examples presented here, leading to 
d i f f e r e n t types of properties and a p p l i c a t i o n s , are 
based on copolymers of varying a r c h i t e c t u r e , but a l l 
i n v o l v i n g e s s e n t i a l l y 1,4 polybutadiene blocks. C l e a r l y , 
t h e i r properties w i l l thus r e f l e c t three important po-
t e n t i a l i t i e s of heterophase block copolymer-based mate-
r i a l s : 1) t h e i r "organization" i n t o mesomorphic phases 
(1), g i v i n g r i s e to o r i g i n a l , often a n i s o t r o p i c , proper-
t i e s ; 2) t h e i r a b i l i t y to s t a b i l i z e l i q u i d emulsions 
(2,) and more importantly f i n e dispersions of correspon-
ding homopolymers (3), so bridg i n g t h e i r " c o m p a t i b i l i t y 
gap" and allowing trie development of a new "plasturgy"; 
3) t h e i r use as high-performance engineering products, 
and p a r t i c u l a r l y as materials s i m i l a r to Kraton 
thermoplastic elastomers ( 4 ) . 
Experimental 
A l l of the important experimental d e t a i l s , as w e l l 
as the general procedures taken from l i t e r a t u r e , were 
reported i n the references c i t e d i n each s e c t i o n . 
As a general r u l e , most of the reagents were p u r i f i e d 
c a r e f u l l y ( p a r t i c u l a r l y f o r moisture), and a l l of the 
reactions c a r r i e d out e i t h e r using vacuum techniques or 
under pure argon atmosphere. Polymer properties were 
inv e s t i g a t e d by standard methods, unless otherwise men-
tioned. Polymer blending was u s u a l l y performed f o r 5 
minutes at 190°C on a C.A.M.I.L. two- r o l l laboratory 
m i l l . 
Results 
è-EïËiiîîiDËiY-.EiQ^iëîi}- The unsaturated structure 
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r a t h e r s e n s i t i v e t o a number of e a s i l y o c c u r r i n g seconda-
r y r e a c t i o n s , and p a r t i c u l a r l y t o d i f f e r e n t types of 
c r o s s - l i n k i n g and o x i d a t i o n processes (thermal, photo-
chemical, and c a t a l y t i c ) . This drawback has been e l e g a n t -
l y circumvented by a f a c i l e c a t a l y t i c hydrogénation of 
the c h a i n s , u s i n g e f f i c i e n t s o l u b l e Z i e g l e r - t y p e comple-
xes ( 5 ) prepared from c o b a l t (or n i c k e l ) s a l t s and mixed 
aluminum a l k y l s i n d i f f e r e n t r a t i o s . This process has a 
tw o f o l d advantage : 
1 ) i t i s p o s s i b l e t o c o n t r o l i t s s e l e c t i v i t y ( v a r y i n g 
the r e a c t i o n c o n d i t i o n s and the aluminum - t r a n s i t i o n 
metal molar r a t i o ) , so t h a t polybutadiene only can be 
hydrogenated i n the presence of other unsaturated chains 
l i k e p o l y i s o p r e n e or p o l y s t y r e n e , which i n t u r n can be 
hydrogenated l a t e r , i f necessary by changing these r e a c -
t i o n parameters; 
2 ) the hydrogénation i s p r a c t i c a l l y q u a n t i t a t i v e and 
y i e l d s a product not very d i f f e r e n t from the correspon-
d i n g p o l y e t h y l e n e s . For i n s t a n c e , s t a r t i n g from an a n i o -
n i c a l l y i n i t i a t e d polybutadiene ( i n apolar medium) con-
t a i n i n g a c c o r d i n g l y ca. 1 0 - 1 5 % 1 2 u n i t s , one obtains 
a product r a t h e r s i m i l a r to low d e n s i t y l i n e a r p o l y e t h y -
lene LLDPE ( i n f a c t a copolymer of ethylene and 1-butè-
ne) , d i s p l a y i n g a moderate s e m i - c r y s t a l l i n i t y and a mel-
t i n g p o i n t ca 9 0 to 1 0 0°C. On the other hand, the use 
of a l i n e a r pure 1 , 4 PBD ( 9 9 %) obtained by Z i e g l e r -
type c a t a l y s i s ( n i c k e l or c o b a l t complexes) y i e l d s a 
hi g h - d e n s i t y p o l y e t h y l e n e - l i k e product, w i t h a higher 
degree of c r y s t a l l i n i t y and a m e l t i n g - p o i n t c l o s e t o 
1 3 0°C. 
Obviously, the r e s i s t a n c e of these products towards 
l i g h t , oxygen and other chemicals w i l l be much b e t t e r , 
and c l o s e t o t h a t of the corresponding p o l y o l e f i n s . 
Moreover, the hydrogénation can be stopped at d i f f e r e n t 
conversions opening a much broader range of a p p l i c a t i o n s 
c o n d i t i o n s . I n d u s t r i a l developments already i n c l u d e 
s u c c e s s f u l m a t e r i a l s l i k e Kraton G t h e r m o p l a s t i c 
elastomers. 
sifiers__(PS-b-PBDh)_. Combination of d i f f e r e n t polymers 
i n t o heterophase systems represents a very a t t r a c t i v e 
route towards new and tailor-made m a t e r i a l s ( 3 J d i s p l a y -
i n g most of the p r o p e r t i e s of the s t a r t i n g products. The 
i n c o m p a t i b i l i t y between p a r t n e r s (a r a t h e r general r u l e ) 
i s however r e s p o n s i b l e f o r the poor p r o p e r t i e s of many 
blends, which d i s p l a y l a r g e domain s i z e w i t h poor i n t e r -
f a c i a l adhesion. A c c o r d i n g l y , d i b l o c k copolymers (6) con-
t a i n i n g sequences m i s c i b l e w i t h the homopolymers to be 
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r e s u l t of t h e i r i n t e r f a c i a l a c t i v i t y ; i n t h a t r e s p e c t , 
they have proven to be s u p e r i o r (7) to corresponding 
t r i b l o c k and g r a f t copolymers r e s p e c t i v e l y (unless the 
t r i b l o c k can undergo a t r i d i m e n s i o n a l domain o r g a n i z a -
t i o n p r o v i d i n g an a d d i t i o n a l bonus). 
Two d i f f e r e n t types of (PS-b-PBDh) d i b l o c k can be pre-
s e n t l y s y n t h e s i z e d . The f i r s t one by c l a s s i c a l a n i o n i c 
i n i t i a t i o n ( s - b u t y l - l i t h i u m ) and " l i v i n g " propagation 
of the (PS-b-PBD) copolymer (8) , f o l l o w e d by the hydro-
génation procedure described "here; as disc u s s e d 
above, the r e s u l t i n g product w i l l be c l o s e to a (PS-b-
LLDPE) copolymer. The second one came from the d i s c o v e -
r y (9) of a " l i v i n g " p o l y m e r i z a t i o n of butadiene i n t o 
a pure (99 %) 1,4 polymer by a b i s η3-allylnickel-tri-
f l u o r o a c e t a t e ) c o o r d i n a t i o n c a t a l y s t , f o l l o w e d by s t y ­
rène p o l y m e r i z a t i o n ; u n f o r t u n a t e l y , the len g t h of the 
poly s t y r e n e block i s l i m i t e d (to a M.W. of ca. 20,000) 
by t r a n s f e r r e a c t i o n s . 
In a general study of the use f u l n e s s of the f i r s t type 
copolymers, we have developed ways to d r a s t i c a l l y 
improve w i t h them the p r o p e r t i e s of both low (LD) and 
high (HD) d e n s i t y polyethylene (PE)/PS blends (2,10). 
The a d d i t i o n (by h o t - m i l l i n g ) of moderate amounts of 
the s u i t a b l e PS-b-PDBh copolymer g r e a t l y reduces the 
d i s p e r s e d 0 p a r t i c l e s s i z e a t every composition (ca. 2-
to 5,000 A); moreover, i t s t a b i l i z e s e f f i c i e n t l y t h a t 
s i t u a t i o n , i . e . even throughout standard p r o c e s s i n g . 
A s i g n i f i c a n t enhancement of both the s t r e s s at break 
σβ and the e l o n g a t i o n at break εβ, r e s u l t i n g i n a s t r i ­
k i n g i n c r e a s e of the t o t a l energy a t break (Εβ v a l u e s ) , 
i s noted ( F i g . 1 ) . 
The l e v e l of performance obtained depends a s y m p t o t i c a l ­
l y on the amount of copolymer added and, w h i l e a s i g n i ­
f i c a n t improvement i s alre a d y noted f o r 0.5 % by weight 
of the a d d i t i v e , most of the performances i n c r e a s e i s 
reached w i t h i n 2-3 %. As expected, the len g t h of the 
two blocks has a l s o a great i n f l u e n c e on the f i n a l pro­
p e r t i e s : although s m a l l e r ones already have a great 
impact on the i n t e r f a c i a l s i t u a t i o n (smaller domains, 
higher σβ), the use of higher M.W. d i b l o c k s ( i . e . i n 
which each block i s s i m i l a r i n s i z e to the correspon­
ding homopolymers t o be blended) y i e l d s P S - r i c h blends 
d i s p l a y i n g the mechanical c h a r a c t e r i s t i c s of an e x c e l ­
l e n t toughened p l a s t i c , w i t h a high εβ value (up to 
40 %) a t y p i c a l l y d u c t i l e behaviour, and a s t r i k i n g 
r e s i s t a n c e towards c r y o f r a c t u r e . These f e a t u r e s are 
probably c h a r a c t e r i s t i c of the importance of entangle­
ments between chains of homo- and copolymer near the 
i n t e r f a c e . 
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Figure 1. Ultimate tensile strength (σΒ) and elongation at break (eB) of LDPE 
(Mn = 40,000)/PS (Mn = 105) blends. Key: ·, without copolymer; Δ , with 9% 
of a poly(styrene-b-hydrogenated butadiene), Mn total = 58,000; O , with 9% of 
a poly(styrene-b-hydrogenated butadiene), M„ total = 155,000. (Reproduced with 
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ted by r a t h e r s u b t l e m o d i f i c a t i o n s i n the d i b l o c k s t r u c -
t u r e . Compared to "pure" d i b l o c k s prepared by c o n s e c u t i -
ve a n i o n i c p o l y m e r i z a t i o n , "tapered" blocks obtained 
by a n i o n i c p o l y m e r i z a t i o n of the comonomers mixture ( 1 1 ) 
are s t i l l more e f f i c i e n t e m u l s i f i e r s f o r PS/LDPE blends; 
owing to t h e i r lower melt v i s c o s i t y and p a r t i c u l a r i r a s c i -
b i l i t y c h a r a c t e r i s t i c s , they not only a c t as s o l u b i l i -
z i n g agents of the homopolymers but provide a t the i n -
t e r f a c e a "graded" modulus r e s p o n s i b l e f o r an improved 
mechanical response of the o v e r a l l m a t e r i a l ( 1 2 ) . 
In order t o o b t a i n t h i s new type of macromoïecule, an 
OH-terminated homopolymer, i . e . PBD or PS obtained by 
a n i o n i c i n i t i a t i o n combined w i t h oxirane-water termina-
t i o n , was end-capped (an a l c o h o l displacement r e a c t i o n ) 
w i t h an a l k o x i d e c a t a l y s t able t o f u r t h e r ensure a per-
f e c t l y " l i v i n g " p o l y m e r i z a t i o n of CL, thereby y i e l d i n g 
the d e s i r e d block copolymers ( 1 3 ) . In t h i s case however 
the PBD hydrogénation ( i f needed) can be conducted 
p r i o r t o block c o p o l y m e r i z a t i o n to avoid any i n t e r f e -
rence from, or secondary r e a c t i o n w i t h , the p o l y e s t e r 
block. The f i n a l products d i s p l a y a number of a t t r a c -
t i v e f e a t u r e s (14): they undergo l a m e l l a r mesomorphic 
o r g a n i z a t i o n ( p e r i o d i c i t y ca. 8 0 Â ) even under the 
form of hexagonal s i n g l e c r y s t a l s (PS-copolymers), and 
e x h i b i t a d u c t i l e behaviour as w e l l as a high r e s i s -
tance t o c r y o f r a c t u r e . Moreover, they are macroscopical-
l y biodegradable, at l e a s t when PCL represents the con-
tin o u s phase. 
The b l e n d i n g approach d e s c r i b e d above has been 
extended to these products, t a k i n q advantage of the 
remarkable m i s c i b i l i t y of PCL w i t h other polymers, i . e . 
PVC, SAN, polycarbonate In p a r t i c u l a r , e x c e l l e n t 
blends of r i g i d PVC w i t h PS and PBD have been prepared 
through h o t - m i l l i n g . Again, they d i s p l a y a very f i n e 
morphology (domain s i z e ca 5 , 0 0 0 Â ) which i s remarka-
b l y s t a b l e i n time, and some improved physicomechanical 
p r o p e r t i e s as long as the corresponding molecular para-
meters have been p r o p e r l y optimized ( 1 5 , 1 6 ) . I t should 
be s t r e s s e d here t h a t the need f o r sucE"an o p t i m i z a t i o n 
process cannot be over-estimated as r a t h e r minute modi-
f i c a t i o n s can lead to improvements of one order of ma-
gnitude. 
Other i n t e r e s t i n g i n d i c a t i o n s have been obtained on 
these PVC blends : i n the presence of an excess rubbe-
ry phase, the presence of the copolymer ( i . e . PCL-b-
PBD) promotes indeed good impact r e s i s t a n c e , i n d i c a t i n g 
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In other words, t h i s example emphasizes c l e a r l y the 
very broad a p p l i c a b i l i t y of the " e m u l s i f i e r s " concept 
de p i c t e d above, to p r a c t i c a l problems i n v o l v i n g l a r g e -
s c a l e polymers. 
§1§§ΐ:22!§£§_ίΐΙΙΣ_ΐΐΝ^ 
The i n t e r e s t of TPË has been l a r g e l y demonstrated by 
the numerous and a c t i v e i n v e s t i g a t i o n s l e d i n the f i e l d , 
and by the commercial success of the Kraton-type pro-
ducts, p o l y ( s t y r e n e - c o - d i e n e - c o - s y t r e n e ) . I t i s however 
a well-known problem t h a t these m a t e r i a l s are u s u a l l y 
confined to a p p l i c a t i o n s under r a t h e r m i l d c o n d i t i o n s , 
due t o the r e l a t i v e l y low Tg of the g l a s s y phase and/or 
the mediocre thermal s t a b i l i t y of the rubbery phase. 
In p r i n c i p l e at l e a s t , answers t o t h a t challenge can be 
o f f e r e d by the same type of s y n t h e s i s s t r a t e g y . 
As d e s c r i b e d p r e v i o u s l y (17), an 
α,ω-dihydroxyîpolybutadiene can be end-capped w i t h i s o -
cyanate f u n c t i o n s (through r e a c t i o n w i t h an excess d i i -
socyanate), which are f u r t h e r converted i n t o N - a c y l l a c -
tam groupings (by r e a c t i o n w i t h caprolactam CLM) a c t i v e 
f o r the p o l y m e r i z a t i o n of t h a t CLM monomer i n t o Nylon - 6 
blocks at both ends of the polybutadiene. Under 
c l o s e c o n t r o l of the r e a c t i o n c o n d i t i o n s , n e i t h e r the 
urethane nor the urea l i n k a g e s formed are broken d u r i n g 
the subsequent block c o p o l y m e r i z a t i o n , and a h i g h y i e l d 
i n block copolymer i s obtained. That t r i b l o c k copolymer 
d i s p l a y s indeed a s e t of high performance p r o p e r t i e s : 
even a t 30 % of PBD phase, the m a t e r i a l has a n y lon - 6 
continuous phase, w i t h a c r y s t a l l i n e m e l t i n g p o i n t ca. 
225°C and a high t e n s i l e s t r e n g t h (quite comparable to 
t h a t of pure n y l o n - 6 ) . On the other hand, the rubbery 
phase i s f i n e l y d i s p e r s e d i n very s m a l l domains (ca. 
250 Â) a l l over the h i g h l y c r y s t a l l i n e nylon phase,impar-
t i n g to the m a t e r i a l higher f l e x i b i l i t y and h y d r o p h o b i c i -
t y . Although the above product i s not a TPΕ i n the 
s t r i c t sense of the term (see ASTM D 1566), i t can be 
prepared w i t h a higher rubber content to meet t h a t type 
of behaviour. 
I t has to be s t r e s s e d however t h a t b l o c k s of so 
d i f f e r e n t s o l u b i l i t y parameters impose a heterophase 
s i t u a t i o n w i t h strong i n t e r m o l e c u l a r i n t e r a c t i o n s (on 
the p o l a r s i d e ) , even i n the molten s t a t e w e l l above the 
c r y s t a l l i n e m e l t i n g p o i n t : corresponding s t a i n e d micro­
graphs are very i n f o r m a t i v e i n t h a t r e s p e c t (see r e f . 
(17), f i g . 4 d ). Such a s i t u a t i o n r a i s e s o b v i o u s l y seve­
re r h e o l o g i c a l p r o c e s s i n g problems, which might be 
d i f f i c u l t t o s o l v e . Anyhow, i t i m p l i e s a l s o to work at 
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unsaturated 1,4-polybutadiene block; again, p r e l i m i n a r y 
q u a n t i t a t i v e hydrogénation of the s t a r t i n g p o l y b u t a d i e -
ne i s the answer t o t h a t problem, even though the d i -
f u n c t i o n a l macromolecules form a h i g h l y swollen g e l i n 
the presence of an excess c a t a l y s t . 
^i t^_§«lY2§2i i2_ îPyi i i^ Ï22 lS-§£El î2£] iE2 e The general i n t e -
r e s t of muïtiblock copolymers i s by now w e l l documented 
p a r t i c u l a r l y i n the f i e l d of TPE. Based on the e f f i c i e n t 
c r o s s - l i n k i n g a c t i o n of the harder b l o c k s , i n t e r e s t i n g 
developments have taken p l a c e , l e a d i n g to some success-
f u l i n d u s t r i a l m a t e r i a l s such as HYTREL p o l y e t h e r -
e s t e r t h e r m o p l a s t i c elastomers. The very r a p i d develop-
ments of i n c r e a s i n g l y s o p h i s t i c a t e d c a t a l y s t s has a l s o 
promoted new unexpected achievements; a t y p i c a l exam-
p l e (18) i s the "coding" 1,4 p o l y m e r i z a t i o n of b u t a d i -
ene by " t a i l o r e d " c a t a l y s t s , namely b i s (η3-allylnickel 
-X) complexes. Under p r e c i s e l y c o n t r o l l e d k i n e t i c c o n d i ­
t i o n s , a m u l t i s t e r e o b l o c k ( p o l y . c i s 1,4-b-poly.trans 
1 ,4) n-butadiene can be obtained, t h a t represents the 
f i r s t example of a th e r m o p l a s t i c elastomer (semicrys-
t a l l i n e m e l t i n g p o i n t ca. 135°C) obtained i n one step 
from one s i n g l e monomer. 
A completely d i f f e r e n t approach has been r e c e n t l y 
developed i n t h a t prospect, based on the assumption 
t h a t " p r o p e r t i e s s i m i l a r to those of m u l t i b l o c k copoly­
mers could be reached, i n a more v e r s a t i l e manner, by 
r e p l a c i n g t h e i r hard segments by s i n g l e groupings, pro­
v i d e d the molecular c h a r a c t e r i s t i c s of these groupings 
promote very s t r o n g mutual i n t e r a c t i o n s , at l e a s t i n 
the media envisoned f o r t h e i r a p p l i c a t i o n s " . 
That concept had l e d to the s y n t h e s i s of s o - c a l l e d 
" h a l a t o - t e l e c h e l i c polymers" (which means a " s a l t " or 
" n e u t r a l i z e d " t e l e c h e l i c polymer, a c i d i c o r b a s i c ) . 
Although t h a t i s a very general denomination covering 
a l l the chains formed by any type of i o n - p a i r c o u p l i n g 
i n any way, a p a r t i c u l a r l y handy and r e p r e s e n t a t i v e 
c l a s s of such s t r u c t u r e s can be obtained from the com­
p l e t e n e u t r a l i z a t i o n of α,ω-dicarboxylato-polymers (PX), 
by a d i (or m u l t i - ) v a l e n t metal d e r i v a t i v e , (19) , 
according to the general equation : 
n H00C-PX-C00H + — ΜΑ ώ f00C-PX-C00-M o l - + 2n HA 
ν ν ~ I* 2J n 
ν 
Such a r e a c t i o n has been performed s u c c e s s f u l l y , s t a r ­
t i n g from a n i o n i c a l l y prepared t e l e c h e l i c polymers PX, 
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metal d e r i v a t i v e s such as metal a l k y I s or a l k o x i d e s (20); 
the l a t t e r technique proved t o be the most v e r s a t i l e 
one, provided a complete e l i m i n a t i o n of the a l c o h o l 
evolved i n order to d i s p l a c e the r e a c t i o n but a l s o t o 
avoid s o l v a t i o n by t h a t a l c o h o l : t h a t meets the essen-
t i a l requirement of any stepwise p o l y m e r i z a t i o n , i . e . 
the n e c e s s i t y to ensure a very high (99 %+) conversion 
to reach the high degree of p o l y m e r i z a t i o n necessary 
f o r the promotion of the most i n t e r e s t i n g p h y s i c a l pro-
p e r t i e s , t h a t i n t u r n would be overshadowed i f i o n s o l -
v a t i o n by the a l c o h o l takes place (see below). In t h a t 
way, a broad f a m i l y of HTP has been s y n t h e s i z e d , where-
i n the nature and s i z e of both the polymer and the i o n 
i n v o l v e d can be s y s t e m a t i c a l l y m o d i f i e d , as w e l l as 
t h a t of the s o l v e n t and l i g a n d s . They represent accor-
d i n g l y a v e r s a t i l e c l a s s of m a t e r i a l s w i t h a broad po-
t e n t i a l range of "m o l e c u l a r l y engineered" c h a r a c t e r i s -
t i c s . The most_tYpical_propertY of_hydrocarbon-soluble 
HTP (i.e.,where PX i s a polydienê "or PS, or polyisobu-
tene) w i t h a high enough MW (> 1,000) t o avoid e x c e s s i -
ve charge d e n s i t y ) , i s the strong dependence of i t s 
d i l u t e - s o l u t i o n v i s c o s i t y upon c o n c e n t r a t i o n (20). 
Although very s i m i l a r t o t h a t of PX at very low concen-
t r a t i o n s , i t i n c r e a s e s a b r u p t l y and a s y m p t o t i c a l l y 
between ca. 1 and 2 %, r e s u l t i n g i n a gelation_phenome-
non. This g e l a t i o n can u s u a l l y be reduce3 by i n c r e a s i n g 
the temperature, or upon a d d i t i o n of strong l i g a n d s 
( F i g . 2). The c r i t i c a l g e l concentration,C g,depends es-
s e n t i a l l y on the nature of PX, i t s end-groups, 
the s o l v e n t , the c a t i o n s i z e , and on PX_molecular 
weight f o l l o w i n g the r e l a t i o n s h i p Cg = k.M^ 5 (where 
k" 1/ 3 i s d i r e c t l y p r o p o r t i o n a l to^(r2j|^» 5, i . e . , depends 
on the mean end-to-end d i s t a n c e of the f r e e chain) (21). 
These are ofcourse c l e a r - c u t m a n i f e s t a t i o n s of the e l e c -
t r o s t a t i c i n t e r a c t i o n s between i o n - p a i r s i n a non-polar 
s o l v e n t , l e a d i n g t o aggregates of v a r i a b l e s i z e s depen-
ding on the c o n d i t i o n s ; f o r the same reasons, the same 
type of i n t e r m o l e c u l a r a s s o c i a t i o n w i l l o b v i o u s l y occur 
i n the neat m a t e r i a l . I t i s a l s o noteworthy t h a t such a 
"m u l t i b l o c k " s t r u c t u r e i s a dynamic one, i . e c a r b o x y -
l i c l i g a n d s exchanging around the metal i o n r e s u l t i n g 
i n a constant scrambling not only of the i o n i c aggrega-
te s but a l s o of the ch a i n blocks themselves. That s i t u -
a t i o n i s i n f a c t r e s p o n s i b l e f o r the dynamic mechanical 
p r o p e r t i e s of these m a t e r i a l s . 
With_concentrated s o l u t i o n s {over 50_%)_ a t _ e g u i l i b r i u m 
as w e l l as w i t h the neat products, i t i s p o s s i b l e t o 
observe t y p i c a l SAXS p a t t e r n s , o f t e n e x h i b i t i n g two d i f -
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Figure 2. Relative viscosity-concentration plots in toluene. Key: A, nonneutralized 
α,ω-dicarboxylic PBD (Mn = 4,600); ·, Mg salt of α,ω-dicarboxylic PBD, 25 °C; 





































































In Initiation of Polymerization; Bailey, F., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1983. 
24. TEYSSIE ET AL. Butadiene Block Copolymers 333 
g e s t i n g the presence of a l a m e l l a r o r g a n i z a t i o n (22). 
The c a l c u l a t e d l a m e l l a r t h i c k n e s s seems independent of 
the nature of the i o n as w e l l as of temperature (below 
a c r i t i c a l d i s s o c i a t i o n v a l u e ) , but again s t r o n g l y r e -
f l e c t s the mean dimensions of the f r e e chains. 
The r h e o l o g i c a l behaviour of these products has a l s o 
been i n v e s t i g a t e d "(23) . The steady-flow v i s c o s i t y de-
pends markedly on the s h e a r - r a t e , and f o r values higher 
than ca. 10 s e c " 1 a s i g n i f i c a n t d i l a t a n t e f f e c t i s ob-
served, s i n c e preformed i o n i c c r o s s - l i n k s prevent the 
chains to r e l a x as the deformation t i m e - s c a l e decreases. 
In_terms_of dynamic mechanical_behaviour, storage (G 1) 
and l o s s (G"T moduli have been~dëtërmined (23) over a 
range of frequencies f o r d i f f e r e n t polymers. At higher 
frequency (>0.5 s e c . " 1 ) , G f i s higher than G", which 
i n t u r n presents a maximum c h a r a c t e r i s t i c of the i o n i c 
component r e l a x a t i o n mechanism. These e l a s t i c g e l s have 
r e l a x a t i o n s p e c t r a which i n d i c a t e again the ions aggre-
g a t i o n : a broad d i s t r i b u t i o n of r e l a x a t i o n times ap-
pears, the maximum of which depends on the s t a b i l i t y of 
the i o n i c network. Since these m a t e r i a l s d i s p l a y a n i c e 
t h e r m o r h e o l o g i c a l s i m p l i c i t y (at l e a s t when P x has a M n 
lower than 20,000, i.e.,no entanglements i n t e r f e r e n c e ) , 
master curves have been e s t a b l i s h e d . The corresponding 
s h i f t f a c t o r s c o r r e l a t e n i c e l y i n an Arrhenius-type r e -
l a t i o n s h i p , a l l o w i n g the determination of the a c t i v a -
t i o n energy of the secondary r e l a x a t i o n mechanism. For 
d i f f e r e n t i o n s , these energies are d i r e c t l y dependent 
on the i o n e l e c t r o s t a t i c f i e l d . 
In_other_words, these p r o p e r t i e s can be i n t e r p r e -
ted i n terms of a system i n which the deformation pro-
cesses are governed by i o n i c m u l t i p l e t s 1 thermal d i s s o -
c i a t i o n ; however, w h i l e e l e c t r o s t a t i c a t t r a c t i v e f o r c e s 
are determinant i n the aggregation process, the f r e e 
conformation of the macromolecule w i l l c o n t r o l the over-
a l l morphology of the g e l s as w e l l as the mean number 
of ions i n the m u l t i p l e t s . 
S everal i n t e r e s t i n g a p p l i c a t i o n s can be e n v i s i o n e d 
on the b a s i s of t h a t behaviour, but again s a t u r a t e d -
elastomers w i l l be more s u i t a b l e f o r most of them, i n 
terms of ageing. Here ag a i n , hydrogenated t e l e c h e l i c 
polybutadiene i s a p o s s i b l e answer t o t h a t problem, 
although t e l e c h e l i c polyisobutene might a l t e r n a t i v e l y 
be used i n some cases. 
General_Conclusion. At t h i s p o i n t , i t i s probably 
u s e f u l and c e r t a i n l y encouraging to s t r e s s again t h a t 
a l l of these examples c o n f i r m the v e r s a t i l i t y of the 
molecular engineering techniques p r e s e n t l y a v a i l a b l e , 
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sifying the applications of such a time-honored commo-
dity polymer as polybutadiene. That is certainly a 
worthwhile goal in today's technology and economy. 
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